Ultrabiomicroscopy is a novel high-frequency (55 MHz) ultrasound technique that could be used to non-invasively measure the vessel wall and separate the intima-media complex into measurements of intima and media thickness. Since no previous study has measured intima and media thickness separately in vivo in patients with coronary heart disease (CHD), the aim of the current study was to measure intima and intima-media thickness of the radial and the anterior tibial arteries among patients with CHD and healthy subjects (HS). Thirty-two patients with CHD and 46 HS underwent investigations with ultrabiomicroscopy measurements of the radial and anterior tibial arteries. Patients with CHD showed a 19% increase in intima thickness of the radial artery compared with HS (0.088  0.024 mm versus 0.074  0.015 mm; p < 0.015), whereas no difference was seen in media thickness. There were no differences in intima or media thickness within the anterior tibial arteries. In conclusion, CHD is associated with thickening of the intima of the radial artery whereas media thickness was unchanged compared with HS. Assessment of intima thickness by highfrequency ultrasound may provide a tool for non-invasive early detection of atherosclerosis.
Introduction
Intima-media thickness (IMT) of the carotid arteries comprises both intima and media layers. It is considered as a valuable marker of atherosclerosis, 1 which conveys information about the future risk of cardiovascular disease. 2, 3 Invasive intravascular ultrasonography and histopathological studies have demonstrated intimal thickening and a medial thinning in the early process of atherosclerosis. 4, 5 Hence, measurements of the intima thickness (IT) separately from the media thickness (MT) may provide more detailed information regarding early atherosclerosis.
Ultrabiomicroscopy (UBM) is a novel high-frequency (55 MHz) ultrasound technique originally developed for experimental studies of small animals and measurements with UBM in mice have shown that the 40-MHz transducer provides a theoretic maximal axial resolution of approximately 30 μm and a lateral resolution of 62 μm. 6 UBM measurements of IMT and plaque thickness in various animal studies have been compared with histological data showing close correlations between the methods. 7, 8 Moreover, we have published the results of in vitro measurements of IT and MT of human mesenteric arteries by UBM, demonstrating close correlations to histological measurements. 9 In that study the discrimination capacity of UBM was tested with silicon layer phantoms (measuring 1-200 μm) showing high accuracy. 9 By using UBM we have reported a thicker IT in obese adolescents compared with those subjects of normal weight. 10 In a previous study, the radial and anterior tibial arterial IT and intima-media thicknesses were measured in 90 healthy subjects (HS) and age was found to correlate closely with both MT and IT. 9 Furthermore, a thicker radial intimal layer was found in a group of patients with peripheral artery disease compared with healthy subjects. 9 Although clinically relevant atherosclerosis of the radial arteries is rarely seen, increased IMT of the radial artery has been demonstrated in patients with coronary heart disease (CHD) but it is unclear whether IT, MT or both are increased compared with HS. 11, 12 Hence, the aim of the present study was to measure separately the different components of the radial artery IMT complex in CHD patients. Our hypothesis was that the radial arteries in CHD patients predominately show an increased IT, whereas the MT is only slightly increased or does not differ compared with HS.
Methods

Study population
Thirty-two patients with CHD according to coronary angiography were included in the study. The sample size was calculated in order to detect an increase in intima thickness of 25% with a power of > 90% in patients with CHD compared with healthy subjects (alpha 0.05, two-sided independent-samples t-test). Baseline characteristics and clinical data are displayed in Tables 1 and 2 . For comparison, 46 HS of similar age and sex distribution as the CHD patients were included in the study. The HS were recruited via advertisement in a newspaper and from a health control program in the primary care setting. They did not suffer from any chronic disease and were all non-smokers. The healthy subjects did not undergo coronary angiography and, hence, silent CHD was not excluded. However, nothing in their medical history or clinical examination revealed any symptoms of cardiovascular disease. All subjects in the study underwent investigations with UBM measurement of the radial and anterior tibial arteries, sphygmomanometer systolic (SBP) and diastolic (DBP) blood pressures, and height and weight measurements ( Table 1 ). None of the CHD patient had clinical peripheral artery disease. However, the arterial ankle blood pressure was not measured in the current study.
Written informed consent was obtained before entry into the study. The study was approved by the local ethics committee of the university in Lund, Sweden.
Ultrasound measurements
The radial and anterior tibial arteries were examined by UBM using a 55-MHz probe (Visualsonics, Toronto, Canada). The arteries were investigated in the right hand and in the right foot. In four of the patients with CHD and in two HS their anatomy did not permit accurate measurements of the right radial artery and, hence, the left radial artery was used. For the anterior tibial artery the left side was used in two of the CHD patients and in three of the HS. All subjects, except one HS, were right handed. Subjects were examined in a supine position.
The radial artery was measured about 1-2 cm proximal to the skinfold separating the palma manus from the regio antebrachii anterior. The anterior tibial artery was measured above the proximal part of the first metatarsal bone in the foot. At the position of the thickest part of the far wall (visually judged), four consecutive beats were recorded in real time and saved. Analyses were then made off-line. Three measurements of the IT and IMT were performed in systole, when the artery showed its largest diameter. IT was defined as the distance from the leading edge of the lumen-intima interface to the interface between intima and media of the far wall. IMT was defined as the distance from the lumen-intima interface of the far wall to the leading edge of the mediaadventitia interface (Figure 1 ). The MT was then calculated by subtracting IT from IMT. The lumen diameter was defined by the distance between the leading edges of the intimalumen interface of the near wall and the lumen-intima interface of the far wall 13 (Figure 1 ). The diameter of the arteries investigated varied among subjects and, hence, the ratio between IMT and the lumen diameters were calculated.
All measurements were performed off-line by an investigator blinded as to whether the investigation was performed in a CHD patient or in a HS. UBM has been established and validated in our laboratory for examination of small superficial arteries in humans of different age. 9, 14 Reproducibility of IT and IMT measurements in our laboratory has previously been studied and the intra-observer variability, calculated as coefficients of variation, was 7% for IT and 5% for IMT of the radial artery. The intra-individual variation (the coefficient of variation of repeated measurements by the same operator) was 8.1% for the IT and 4.0% for IMT of the radial artery and 1.5% for the diameter of the radial artery. 14 
Statistics
The results are presented as mean  SD. Student's t-test for paired and unpaired comparisons was used for data with a normal distribution. For data which showed a non-normal distribution, the Mann-Whitney test was used for unpaired 
Results
The study groups did not differ regarding age, sex, SBP, DBP or body mass index (BMI) ( Table 1 ). The IT of the radial artery in CHD patients was elevated by 19% compared with HS (0.088  0.024 mm versus 0.074  0.015 mm, p < 0.01; Figure 2 ) and the IMT of the radial artery showed a tendency towards elevation in CHD patients (0.261  0.046 mm in CHD patients versus 0.238  0.054 mm, p = 0.055), whereas MT of the radial artery did not differ between the groups (0.17  0.04 mm in CHD patients versus 0.16  0.05 mm) ( Table 3 ). The IMT to lumen ratio of the radial artery did not differ between the two study groups (0.149  0.063 for CHD versus 0.126  0.033). The IT, IMT and MT of the anterior tibial arteries did not differ between CHD patients and HS (Table 3) . Likewise, there were no differences between the groups regarding the IMT to lumen ratio (0.24  0.092 for CHD versus 0.22  0.085 for HS). The IT and the IMT to lumen ratio showed higher values for the anterior tibial artery compared with the radial artery (p < 0.01), whereas MT and IMT did not differ ( Table 3 ). The lumen diameter did not differ between HS and patients with CHD, whereas the diameter of the lumen was larger in the radial artery than in the anterior tibial artery (p < 0.001). There were only six patients with diabetes and hence no differences were seen regarding IT, IMT and MT between patients with or without diabetes.
Discussion
In the present study, UBM, a novel high-resolution ultrasound technique demonstrated intima thickening of the radial artery in patients with manifest CHD compared with mm Figure 1 . High-resolution ultrasound image of the radial artery in a healthy subject. Lumen diameter (LD), intima thickness (IT) and intima-media thickness (IMT) were measured as shown above (1 mm between numbers on the axis to the left). Table 3 . Ultrabiomicroscopy measurements of intima-media thickness (IMT), intima thickness (IT) and media thickness (MT) and the ratio of IMT, IT, MT and lumen in patients with coronary heart disease and healthy subjects in the radial and the anterior tibial artery, respectively 
Intima thickness, mm Intima MV_rad
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healthy individuals, whereas the media layer did not differ. Few previous studies have performed in vivo measurements of the intima layer of the arterial wall in human superficial, peripheral arteries and no previous study has investigated patients with CHD. There are studies that used intravascular ultrasonography to evaluate atherosclerosis and intimal thickening in coronary arteries. 4, 15 A previous study using ultrasound of 13 MHz suggested thickening of the brachial arterial media layer in patients with coronary disease, whereas the intima thickness did not differ compared with healthy subjects. 16 However, those results do not corroborate previous invasive and histopathological studies which have shown intima thickening and medial thinning of the arterial wall in atherosclerosis. 4, 5 Hence, previous ex vivo data support the present findings with thickening of the radial arterial intima in patients with CHD as measured by UBM. One explanation to the different results in the present study and those reported by Frick et al., could be that we used a transducer with higher frequency of the emitted ultrasound giving higher image resolution. To our knowledge, only one study has showed that patients with CHD have increased IMT of the radial artery compared with HS. 12 The measurements of intimal thickening and increased IMT of the radial artery may have clinical implications given that the radial artery is used as a conduit in coronary artery bypass grafting (CABG) and is also used for vascular access in haemodialysis. 5, 11 Intimal hyperplasia and increased IMT of the radial artery is known to be a risk factor for early failure of the radiocephalic arteriovenous fistula and radial artery coronary bypass graft failure. 17 The UBM measurements may in the future prove to be a valuable method when CABG or vascular access surgery using the radial artery is considered. Moreover, Frisk et al., who investigated the brachial artery among almost 400 individuals evaluated for chest pain with high-resolution ultrasound (13 MHz) , found that the IMT of the brachial artery predicted late (up to 4 years) cardiovascular events. 18 Hence, it may be speculated that UBM measurements of the radial artery could predict the risk of an adverse prognosis among patients with established coronary disease.
The patients with CHD in this study have a high proportion of treatment with statins and blockers of the reninangiotensin system. These medications are known to affect the structure of the vessel wall, and it is possible that the differences between HS and patients with CHD therefore are underestimated. 19, 20 In the present study, there were no differences in IT, MT or the ratios between these measurements and the lumen diameters of the anterior tibial artery between patients with CHD and HS. The anterior tibial artery shows larger interindividual variation in lumen size compared with the radial artery, which may have diminished the power to detect differences between groups. 21 
Study limitations
A large proportion of the patients with CHD were on medication that affects the intima-media layers ( Table 4 ). The HS did not undergo coronary angiography and silent CHD was not excluded. However, nothing in their medical history revealed any symptoms of cardiovascular disease.
In conclusion, the present study has established intimal thickening of the radial artery among CHD patients, whereas the medial thickness did not differ. These measurements could be useful as both a risk marker of ongoing cardiovascular disease and as a tool to investigate radial artery structure before CABG and fistula operation in uraemic patients.
